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ABSTRACT
The issue o f alcohol use and abuse among older adults is one that gaining attention in 
current literature. Although it is an important issue, empirical evidence within the domain 
o f alcohol, aging, and cognition, is sparse. Thus, the proposed preliminary study was 
designed to examine the relationship between chronic alcohol consumption and 
information processing speed in older adults. Eight matched participants (4 per group, 
mean age 56 years) were divided into two groups: Alcoholic or non-alcoholic. 
Participants were assigned to their respective group and matched based on the 
information provided on a health questionnaire. All participants completed a series of 
information processing measures. A 2 (Group) x 3 (Test) ANOVA with repeated 
measures on the last factor was used to compare reaction times o f three separate tests of 
information processing ability. Unfortunately, the analysis suffered from lack of 
statistical power. However, data trends strongly suggested a difference between the 
alcoholic and non-alcoholic participants on all measures of information processing. 
Further, interactive trends of the data were noted with the alcoholics showing more 
deficits as a result o f the more complex processing requirements. Future suggestions are 
to continue the work with more participants o f more diverse socio-economic status, 
health, and alcohol behavior, as assessed through the a priori health questionnaire.
lU
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CHAPTER I 
INTRODUCTION
Recent estunates have suggested that 15.3 million people in the United States 
currently meet the criteria for alcohol dependence. The disease o f alcoholism is one which 
indiscriminately strikes people of all walks of life. The issue o f alcohol use and abuse 
among older adults is one that is gaining attention in current literature. One reason for the 
elevating interest is that it has been predicted, based on U.S. census figures, that there will 
be sharp increases in the number o f elderly alcoholics in the years to come (Beresford. 
Blow, Hill, Singer, & Lucey 1995). The increase in elderly individuals classified as 
alcoholics is likely to result fi^om a general aging population and more sensitive diagnostic 
techniques. With this in mind, it is important to note that although the physicaL 
psychological, and social implications o f alcohol consumption have been studied in great 
detail (e.g., Victor, Adams, & Collins, 1989), enqiirical evidence within the domain of 
alcohol and cognition is sparse (Tarter, 1995). Furthermore, the minimal research that has 
been published regarding the cognitive abilities of recovering alcoholics has focused 
largely on people 45 years o f  age and under. Because it is believed that the effects of 
alcoholism may become more pronounced with longer periods o f exposure (Grant,
Adams, & Reed, 1979), alcoholism, as it pertains to aging, is an area in great need of 
investigation. Therefore, the current study was designed to examine the relationship
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between chronic alcohol consumption and information processing ability in people 
between the ages o f 48 and 68. To date, the limited work conducted in the area o f alcohol 
and cognition has proven inconclusive. Primarily, there is controversy surrounding the 
degree to which alcohol abuse is associated with cognitive decline (e.g.. Grant et al., 1979: 
Ryan & Butters. 1980). Not only are there different schools of thought on this issue, but 
more precisely there are viewpoints in direct opposition to one another. In addition, the 
scientists who contend that alcoholism impacts the functional capabilities o f the brain have 
advanced theories as to the nature o f the impact (e.g., Cermak. 1990). This issue has 
provided the arena for a second debate among scientists exploring the matter of alcohol 
and cognition. Here again, agreement between scientists has been infrequent. With the 
two of these debates in mind, a number o f implications are brought forth. The lack of 
empirical information in the area of alcohol and cognition in later life, and the existing 
controversies, clearly justify a need for further investigation.
Research on the subject o f chronic alcohol abuse and brain function has evolved 
from the study of lesion localization, to correlating brain morphology with cognitive 
capacity, to the more recent pursuit o f  exploring the functional manifestations o f cognitive 
impairment (Tarter, 1996). The most abundant source o f information on alcohol and 
cognition for the past twenty years has been from research on young and middle-aged 
alcoholics. As early as 1977, chronic alcoholics were shown to have deficits on the 
Weschler Adult Intelligence Scale (WAIS) (Blusewiscz, Schenkenberg, Dustman, & Beck, 
1977). That same year, a study by Gudeman. Graine, Golden, and Mclaughlin (1977) 
showed chronic alcoholics to have deficits in spatial conceptual skills, associative
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conceptual skills, cognitive flexibility, spatial-motor integration, and serial integration.
Contrary information to that o f Gudeman et al. ( 1977) came in 1979 when Grant, 
Adams, and Reed published a study that found no differences between two alcoholic 
groups (recently detoxified and long-term abstinent) and their respective control groups 
I icing measures fi'om the Halstead-Reitan Neuropsychological Battery. Grant. Adams, 
and Reed (1984) also found long-term sober alcoholics to be indistinguishable from 
matched controls. With these findings, a debate was initiated that remains unresolved.
Since the Grant et al. studies ( 1984,1979). several studies showing a relationship 
between chronic alcohol abuse and cognitive decline (e.g.. Tarter. Van ThieL Ama. Carra. 
& Moss. 1988; Brandt, Butters. Ryan. & Bayog, 1983: Ryan & Butters, 1980) and several 
others showing no relationship (e.g., Eckardt, Stapleton, Rawlings. Davis, & Grodin 1995; 
Adams & Grant. 1986; Oscar-Berman & Bonner, 1985) have been voUeying data
interpretations back and forth.
The aforementioned studies have failed thus for to reach a consensus, although
there are informative results to be considered from each. However, the most glaring 
conclusion of these studies is the foct that research on alcohol and cognition, as ft pertains 
to older adults, remains minimal. Many of the conclusions drawn regarding older 
alcoholics are merely extrapolations on the data gathered from younger adults. It seems at 
least possible that repeated testing with older adults could yield unforeseen findings. In 
foct, Jones and Parsons (1971) found older long-term alcoholics to be relatively more 
impaired than younger long-term alcoholics. An additional consideration is the foct that 
much o f the research in the area of alcoholism and cognition has employed intelligence
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4tests as dependent measures. It has been pointed out that many of these earlier works used 
tests that may not have been sensitive enough to detect subtle but real cogmtive 
deficiencies (Brandt et al.. 1983). It is therefore possible that a cognitive decline exists, but 
has thus far eluded consistent detection.
Many of the studies to date that have shown cognitive decline to be associated 
with chronic alcohol consumption have been inconsistent in their methodology. For 
example, it has been shown that factors such as time o f abstinence may play a significant 
role in determining performance on certain tests (Grant et al., 1984) although tune of 
abstinence (among other variables) has not been systematically controlled in previous 
studies. It is in part due to these shortcomings on both sides of the debate that a more 
focused investigation o f alcohoL aging, and cognition is needed. Furthermore, methods to 
ascertain specific cognitive functions that are potentially susceptible to the effects o f 
alcoholism are also needed. The current study employed an information processing 
approach to alleviate some problems with previous methodology. Information processing 
methods are generally used to assess specific cognitive function. In the current study, 
these methods were used to assess the degree to which alcohol abuse is related to 
information processing abilities. The results o f the study can therefore potentially add to 
the existing knowledge concerning the nature o f alcohol s impact on cogmtive function.
Information Processing Approach
Information processing abilities are quantified using chronometric (reaction tune) 
measures. The underlying principle is that reaction tune, or the tune from stimulus onset to 
the initiation of a response, is largely indicative of cognitive functioning. Following
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5Sternberg's additive factors logic (1969), the current work will proceed from the 
assumption that information processing occurs in a serial fashion. Sternberg's logic makes 
it possible to isolate the stages o f information processing and examine each stage 
individually. Central processing time can be broken down into three discrete stages. The 
names o f the three stages, and the order in which they occur are as follows: 1 ) stimulus 
identification. 2) response selection, and 3) response programming. Each stage receives 
an input from a previous stage, performs a transformation on that input, and passes it 
along to the next stage. Sternberg’s logic contends that if an experimental manipulation 
increases reaction time, it does so by affecting the duration o f at least one of the three 
stages. For example, to manipulate the stimulus identification stage of information 
processing, several things can be done. First, the intensity o f the stimulus, whether it be a 
sound, a touch, a taste, a light, or even a  smell can be changed. The clarity o f the stimulus 
can also be manipulated. It is commonly understood that reaction times are faster in 
response to stimuli that change greatly in intensity (simple) versus a small change in 
intensity (complex). The presumption is that the increase in reaction time in the complex 
condition is due to increased processing demands at the stimulus identification stz^e of 
information processing. This presumption is made because the remaining two st%es of 
information processing were held constant. In other words, the participant was not 
required to make any choices (keeping response selection constant), nor did one condition 
require any different programming o f muscles than the other (keeping response 
programming constant). The response selection and response programming stages can 
likewise be manipulated in isolation of the other two stages. For the current study.
R e p ro d u c e d  with p erm iss ion  of th e  copyright ow ner.  F u r the r  reproduction  prohibited without perm iss ion .
6
computer tasks were designed to examme each of the three stages o f information 
processing.
The chronometric method is a powerful cognitive measure. Traditionally, reaction 
time tasks have been used in an attempt to understand how the human brain processes 
information. Additionally, the information processing model has been shown to be a 
successful tool for detecting subtle differences in the cognitive capacities o f humans. 
Cognitive aging researchers, in particular, have employed an information processing 
approach extensively to measure changes in cognitive ability associated with the aging 
process (for recent review, see Salthouse. 1985). From the vast quantities o f data that 
have been compiled regarding information processing and older adults, two 
generalizations that have emerged: I ) older adults are slower than younger adults, and 2) 
reaction time performances of older adults are more variable than those o f younger adults. 
It is hypothesized that if chronic alcohol abuse is related to cognitive decline, that decline 
would be revealed by an alcoholic demonstrating even greater differences in reaction time 
or variability than the control group. The information processing approach also holds 
additional probative benefits in comparison to some o f the previously employed cognitive 
measures. More precisely, whereas it could be argued that WAIS intelligence tests are 
limited to examining only a certain aspect o f brain functioning, the three tasks employed 
in the current study served to explore the brain in a more global fashion. The stimulus 
identification task is largely examining the visual cortex. The response selection task foils 
to a greater extent under the domain of the basal ganglia, whereas the response 
programming task engages more of the pre-motor cortex and motor cortex aspects of the
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brain.
Therefore, not only does the current experimental design provide information on 
possible differences between groups (alcoholic versus non-alcoholic), it also holds the 
potential of revealing the specific stage or stages of information processing showing 
decline, should any between-group differences be found. If. however, the tasks fail to 
reveal significant differences between the alcoholic and the control group, they will 
nonetheless provide evidence to the line of research (e.g.. Grant et al.. 1979. 1984) which 
concluded that no relationship exists between chronic alcohol consumption and decreased 
cognitive function. Either scenario promises to reveal a wealth of information not only in 
terms o f adding to the existing theory base, but also by exploring interesting applications 
of chronometric measures.
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CHAPTER 2 
LITERATURE REVIEW
It has been mentioned that the literature on the subject of alcohol and cognition is 
sparse. With the exception o f  a select few papers published in the past twenty years, the 
area o f chronic alcohol consumption and its relationship to the functional decline of the 
brain remains largely unexplored. Furthermore, the research that has been conducted has 
proven inconclusive. In fact, regarding the question o f alcohol being related to cognitive 
deficit, research findings seem to be in direct contradiction to each other. To put it simply, 
on one hand there is a group o f scientists who contend that a lifetime of alcohol abuse can 
lead to observable and significant changes in the functional capacity o f the human brain 
(e.g.. Brandt, Butters, Ryan. & Bayog, 1983). On the other hand, there are numerous 
scientists who have failed to reveal any quantifiable cognitive differences between 
alcoholics and a group o f matched controls (e.g., Eckardt, Stapleton, Rawlings. Davis, & 
Grodin, 1995). To date, this is an issue that remains unresolved.
Several researchers have called for the implementation of more sensitive tests as a 
way o f more accurately and consistently locating deficiencies between alcoholics and non­
alcoholics should any such deficits exist (e.g., Cermak, 1990). To this end, the current 
project approached the issue fi-om an information processing standpoint (for recent 
review, see Schmidt, 1988). Human beings are active processors o f information. Our
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9senses are constantly being inundated by countless stimuli. The enormous task o f the brain 
is to fiber the important information from the trivial, scan its memory stores for an 
appropriate response from the multitudes o f possible responses, and then lastly to organize 
a set o f commands that are to be sent out to the periphery for the execution o f the 
response. Because we cannot directly observe information processing as it occurs in the 
brain, we must make inferences based on overt behavior (verbal or motor). A common 
means to make these inferences is known as the chronometric method.
The Chronometric Method
The chronometric method employs reaction time tasks that are useful for 
quantifying information processing abilities. Reaction time is the delay occurring between 
the presentation of a stimulus and the initiation o f  a response. It is important to note that 
reaction time is not the same as movement time. Movement time is the delay occurring 
between the start o f a movement and its completion. Reaction time is the delay that occurs 
before any movement is seen i.e., when information is being processed. Reaction time, 
therefore, can be thought as central processing time. Because many tests o f information 
processing speed involve a  motor component such as a keypress, it might possibly be 
argued that reaction time or central processing time is confounded by the time it takes to 
perform the movement itself; however, fractionated reaction time studies have 
demonstrated that approximately 80% of reaction time is taken up by central processes 
(Weiss, 1965 in Schmidt, 1988). Although measuring reaction time often involves having a 
participant make a keypress (thereby incorporating overt movement), as Marteniuk (1976) 
points out, usually very small movements like a finger press are used with the assumption
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that the motor time is insignificant when compared to the size o f the delay resulting from 
central processing.
Several models of information processing have been postulated, but for the 
purposes of this study, it will be presumed that the stages o f information processing occur 
in a serial fashion. It should be noted that the question o f whether or not information 
processing truly occurs in serial is not at issue in this thesis. What is critical are the 
manipulations being performed on each of the stages in isolation of the remaining stages. 
The notion o f information processing being comprised of discrete stages is not a novel 
one: however, the application o f an information processing approach to the issue of 
alcoholism and cognition is. The serial information processing model proceeds in three 
stages: 1) stimulus identification, 2) response selection, and 3) response programming. 
Through the use the chronometric method, we are able to experimentally manipulate each 
discrete step o f human information processing using computerized reaction time tasks. 
Finally, by examimng the reaction times of individuals at each o f the three stages, a 
considerable amount of information can be uncovered. First, between-group differences in 
reaction time would indicate the presence of impairment, with all other things being equal. 
Second, in regard to the nature o f the impairment, a slowing o f reaction time in a 
particular stage of information processing could lead to a greater understandmg of the 
specific location or locations o f that impairment in the brain. Implications o f the latter will
be discussed in subsequent sections of this thesis.
The remaining sections o f this chapter present a review o f the major studies conducted 
on both sides o f the debate as to whether or not alcohol is associated with cognitive
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decline, as well as a critical assessment o f the previously employed methodology.
The Debate
Early thinking regarding the issue o f alcohol and cognition focused on 
malnutrition, secondary to alcoholism, as the potential causative agent in brain impairment. 
Victor and Adams (1961) were early proponents o f the notion that the detrimental effects 
o f chronic ethanol ingestion were attributable to malnutrition. This conclusion was based 
upon the frequent association o f thiamin deficiency and the organic brain disorder known 
as Wemicke-Korsakoff s syndrome in a population of malnourished alcoholic patients. 
Freund and Walker (1971) pointed out. however, that the association of malnutrition and 
excessive alcohol consumption with chronic brain syndrome does not prove that one or 
the other related conditions caused the brain syndrome. In an attempt to explore the 
possibility that brain damage could be the result o f ethanol toxicity independent of 
malnutrition, Freund and Walker (1971) administered alcohol to three-month-old mice for 
periods of three to five months. The diets o f the mice were deemed nutritionally adequate 
throughout the treatment and testing periods. Following a two week abstinence period, 
the mice were tested in shuttle box for acquisition of an avoidance task. The task involved 
administerii% an electric current to the floor o f the shuttle box. and measuring the time for 
the mice to escape to the safe side o f the box. Results of the testing revealed a significant 
impairment o f learning in the mice that were fed alcohol relative to control groups. It was 
therefore concluded that cognitive decline in mice could be caused by ethanol 
consumption per se. without the additional effect of malnutrition. In a review of related 
literature. Walker, Hunter, and Abraham (1981) concluded that collectively, the
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behavioraL morphologicat and physiological evidence suggests that chronic ethanol 
exposure, in the presence o f  a nutritionally adequate diet, produces toxic actions on the 
brains o f laboratory animals.
In addition to the research performed on animals, there are several studies that 
have employed human participants which corroborate the hypothesis that chronic alcohol 
consumption is deleterious to brain fonction. In 1973. Oscar-Berman tested alcoholic 
patients and Korsakoff patients against normal controls on the Levine Hypothesis testing 
task. The Levine task consisted of a series o f practice problems followed by several test 
trials. The practice trials consisted of a number of problems, each consisting of a series of 
cards. Each card had 2 backgrounds of different colors. 2 different letters. 2 different sizes 
of letters, and 2 different sides to the card. The practice task was to determine which 
particular stimulus (of the 8 possible correct stimuli) was the correct solution in each 
problem by pointing to the appropriate side o f the card. The test trials differed from the 
practice trials in two ways. Whereas the correct solution was chosen by the experimenters 
on the practice trials, the correct solution to the test problems was determined by an 
interaction between the choice made by the participant and a predetermined set of 
feedback responses chosen by the experimenters. The results o f the study revealed that 
Korsakoff patients performed worse than the alcoholic group and the controls. It was 
concluded Korsakoff patients exhibit impairments o f abstracting ability, and that alcoholics 
without Korsakoff symptoms have a milder form o f the same impairment. The initial 
finding that Korsakoff patients are outperformed by controls and non-Korsakoff alcoholics 
had previously been established in the literature (Freimd & Walker, 1971); however, the
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novel finding o f  the Oscar-Berman study was that it differentiated between non-Korsakoff 
alcoholics and a group o f matched controls. Hence, there was evidence for the first time 
that alcoholics who did not exhibit symptoms o f organic brain disease could nonetheless 
be experiencing cognitive deficits.
In partial replication o f the Oscar-Berman study, Klicz and Parsons (1977) also 
found significant abstracting deficits on the Levine task in alcoholics. The Klisz and 
Parson study additionally noted that no significant differences were found between the 
performance o f  alcoholics with differing duration of lifetime problem drinking. Therefore, 
it was suggested that years o f alcoholism might not be a significant factor in determining 
cognitive deficits. Conversely, Guthrie and Elliot (1980) published findings that on tests of 
learning and memory, duration o f heavy drinking was associated with decreased 
performance. It should be noted, however, that Guthrie and Elliot tested alcoholic patients 
after a period o f sobriety of only 14 days. Subsequent studies have recognizes that a 
period o f  at least four weeks is required to reduce the risk o f  alcohol toxicity confounding 
the cognitive measures (Grant, Adams, & Reed. 1984; Ryan & Butters. 1980). One final 
important finding fi-om the Klicz and Parsons study (1977) is regarding the reporting of 
errors. It was noted that the group comprised o f alcoholics solved as many problems as 
the control group, but it took more time. In other words, it was not that more errors were 
being made by the alcoholic group, but rather they were just taking longer to process the 
information.
Another method that has been utilized to search for signs o f cognitive decline in 
alcoholics is the Weschler Adult Intelligence Scale (WAIS). In 1977, Blusewicz,
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Schenkenberg, Dustman, and Beck administered the WAIS to three groups o f 20 males:
1) young non-alcoholic, 2). young alcoholic and 3) elderly non-alcoholic. It was 
discovered that the young non-alcoholic group scored higher than the young alcoholic 
group on Verbal IQ, Performance IQ. and Full Scale IQ. In 1977. Gudeman, Graine. 
Golden, and Mclaughlin attempted to comprehensively measure the neuropsychological 
skills of a group of alcoholics versus controls. By employing 38 separate procedures 
including the Weschler memory scale, the Halstead-Reitan Battery (consisting of category 
test, tactual performance test, speech perception test, rhythm test, tapping test, trail 
making test, block design, Stroop color-word confusion test, aphasia examination, sensory 
perceptual examination, memory testing o f immediate and delayed recall) Gudeman et al. 
reported that the alcoholics demonstrated consistent deficits. Specifically, it was found 
that the non-alcoholics performed more effectively on all 38 tests, and were statistically
superior on 28 of them.
By 1980. it was widely accepted that although profound learning and memory 
deficits are present in the early stages o f  alcohol detoxification, the problems seem to 
resolve themselves after a significant period o f sobriety (Butters, Cermak. Montgomery, & 
Adinolfi, 1977; Parsons & Prigatano, 1977; Weingartner, Faillace, & Markley, 1971). 
Therefore, following a substantial period o f  abstinence, the overt effects seem to subside; 
however, the idea that chronic alcohol abuse was related to brain dysfunction was not 
entirely dismissed. Rather, the new thinking became that although sobriety can alleviate 
many o f the cognitive side-effects o f alcoholism, some residual deficiencies may persist 
indeterminately. More precisely, it was becoming evident that subtle information
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processing deficits could be lingermg even after long periods of abstinence, but bad gone 
undetected due to the fact that traditional methods to assess memory were sensitive only 
to changes gross in magnitude. Recognizing this apparent weakness in the literature, Ryan 
and Butters (1980) took the issue a step further. It was discovered that by increasing the 
difficulty o f a task, one could accentuate the differences between groups. It was found that 
chronic alcoholics manifest detectable learning and memory deficits despite several months 
o f detoxification. Furthermore, Ryan and Butters discovered that indeed the magnitude of 
the impairments was determined by the demand-characteristics of the task. It was 
concluded that tests requiring participants to learn large amounts o f unfamiliar, nonverbal 
information over successive trials produced the greatest differences between the alcohol 
group and the controls. An additional finding o f  Ryan and Butters study was that learning 
and memory deficits are not limited to older alcoholics. Previously, studies had shown that 
differences in cognitive abilities between older alcoholics and nonalcoholics were less 
prevalent in their younger counterparts; however. Ryan and Butters by virtue of 
incorporating tests o f greater relative difficulty, revealed that the cognitive dysfunction in 
younger alcoholics versus non-alcoholics is rivaled by that older alcoholics versus 
controls. As a follow-up to the Ryan and Butters study (1980), Brandt, Butters, Ryan, and 
Bayog (1983) also revealed pronounced cognitive impairments in both young and old 
alcoholics as compared to their relative control groups on tests of learning novel 
information and delayed recall.
Before proceeding, it may be appropriate to comment on the research reviewed 
thus far. It may seem to the reader at this point that an association between chronic
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alcohol abuse and cognitive decline is a foregone conclusion: however, that is by no nteans 
the case. The works cited to this point have told just one side of a story containing 
differing opinions. In other words, although there is a lot o f evidence to suggest a 
relationship between alcoholism and cognitive decline, the matter is still ambiguous. The 
primary reason for the uncertainty is that a second line o f research exists that claims 
different conclusions altogether. The following section is a discussion o f some of the 
defining research from the side that contends no relationship exists between chronic 
alcohol abuse and long-term cognitive impairment.
In 1979. Grant. Adams, and Reed were the first to conclude that no differences 
exist between alcoholics and matched controls. They examined two groups of alcoholic 
men and a comparison group o f men (mean age. 37 years) who were classified as 
moderate to light drinkers. All groups were given the Halstead-Reitan Neuropsychological 
Battery, consisting o f the WAIS, category test, tactual performance test, speech 
perception test, rhythm test, tapping test, trail making test, grooved pegboard. grip 
strength dynamometer, aphasia examination, sensory perceptual examination, memory 
testing (immediate and delayed recall) and a lateral dominance examination.
The results o f the this study yielded several unique findings. In general, it was 
found that there were no systematic differences in neuropsychological functioning when 
compared to a group o f controls. In terms o f WAIS performance, the Grant et al. (1979) 
findings are contrary to several other studies mentioned earlier in this chapter (Brandt et 
al., 1983; Gudeman et al., 1977; Blusewicz et al., 1977). Additionally, the Halstead-Reitan 
findings are in opposition to the work o f Gudeman et aL (1977). One other interesting
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finding to come from the Grant et al. study (1979) is that when factors such as medial risk, 
age, education, lifetime alcohol consumptioru and nutritional status were analyzed, only 
age and education were found to have significant predictive influence. A possible 
limitation that is pointed out in this study is that the alcoholics tested were in their late 
thirties. Other studies that have found functional deficits were testing participants in their 
mid-forties (Gudeman et al., 1977). or older (Klicz and Parsons. 1977; Ryan and Butters. 
1980: Brandt et al., 1983). However, although it is not noted in the Grant et al. paper 
( 1977). Blusewicz et al. ( 1977) found 31 year-old alcoholics to perform more poorly than 
their age-matched controls. Nonetheless. Grant et al. called for additional testing on older 
alcoholics.
In 1983, Grant. Adams, and Reed published a follow-up study to their 1979 work 
to include participants with ages ranging from mid-twenties to mid-fifties. This more 
recent study once again compared WAIS and Halstead-Reitan scores o f alcoholics to 
those o f matched controls. Time o f abstinence was also taken into consideration. The 
results revealed two intriguing discoveries: 1) lor%-term abstinent alcoholics were 
statistically indistinguishable from controls, and 2) aging, not alcoholism, was related to 
psychomotor slowing.
Oscar-Berman and Bonner (1985) tested groups of alcoholic and normal 
participants ranging in age from 35-70 on tests o f  visual processing time, selective 
attention, and memory. The task employed was a matching and delayed matching-to- 
sample test. The test was performed on an apparatus containing three stimulus-response 
keys. Each trial began with the illumination o f the center key by a white light. A response
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to the center key resulted in the immediate replacement o f  the white light with a sample 
stimulus. After a specified time, the center key was darkened and replaced by the 
illumination o f the two adjacent keys. The task was to respond by pressing the key that 
displayed the same colored light as was shown in the sample. The researchers found that 
by none o f the measures employed did any o f the alcoholic groups perform at levels that 
were significantly below those of their age-matched normal controls. In fact, when 
differences were found, it was with the alcoholic groups performing at higher levels than 
the non-alcoholics. This Is indeed a unique finding.
One final pertinent study was conducted by Eckardt. Stapleton. Rawlings, Davis, 
and Grodin in 1995. which to a large extent, supported the earlier work by Grant et al. 
(1979). The major difference between the two studies was that the Eckardt et al. research 
was performed on alcoholics who had alcohol-related problems for a relatively brief 
period. Based on results fi-om the Halstead-Reitan battery, the authors concluded the 
WAIS-R and several other tests of cognitive capacity that cognition in young alcoholics 
was within normal limits.
Theories Regarding the Nature of Cognitive Impairment
At this point in the chapter, it should be clear to the reader that the relationship 
between chronic alcohol consumption and cognition remains a matter of contentiotL 
Although the debate continues to this day, the researchers that have demonstrated 
functional deficits have begun to propose theories as to the nature of those deficits. It is 
along these lines that a second debate has emerged. The debate is in regard to the nature 
o f  the mechanisms that would underlie functional deficits in cognition.
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Cermak (1990) outlined the three prevailing theories. The first theory is known as 
the Contmuum theory (Ryback. 1971). According to the Continuum theory, the area o f 
the brain that is thought to be involved in Korsakoff s syndrome, namely the limbic area 
diencephalic structures, is probably most sensitive to the toxic effects o f alcohol. It is 
believed that the cognitive deficits in non-Korsakoff alcoholics are the o f the same variety 
as those seen in Korsakoff patients, but to a lesser degree. Therefore, a non-Korsakoff 
alcoholic would appear on a continuum of cognitive decline between a non-drinker and a 
Korsakoff patient. A study by Ryan and Butters ( 1980) provided evidence for the 
Continuum Theory. It was demonstrated that alcoholics without Korsakoff s syndrome 
begin to fail the same type of memory tasks as do Korsakoff patients when the tests were 
made difBcult enough. Another study in which not only performance, but patterns o f 
performance were studied, indicate findings contrary to a Continuum theory (Cermak & 
Butters. 1972). These researchers studied patterns of performance by comparing the 
abilities o f alcoholics to a group o f elderly controls. Each group was asked to learn an 
eight-item word list that was divided into four categories. A free-recall test revealed that 
Korsakoff patients performed most poorly, followed by the non-Korsakoff-alcoholics, 
followed by the controls. This finding would seem to support the Continuum theory, 
however, a follow up test in which the three groups were asked to recall the items by list, 
the Korsakoff patients were the only group not to improve their scores. The authors 
concluded this finding indicated that the pattern o f performance of the alcoholics was not 
on a continuum with the Korsakoff patients.
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A second theory postulates that alcoholics perform the same cognitively as a group 
o f  older non-drinkers. Several studies reviewed previously in this chapter (e.g., Ryan & 
Butters. 1980. Blusewicz et al.. 1977) have demonstrated findings in support o f a 
"premature aging theory '; however. Tarter (1995) has cautioned that although alcoholics 
may perform cognitively similar to controls, alcohol has not been shown to accelerate the 
aging process. In feet, no study has yet revealed group and age interaction.
A third theory that attempts to explain the nature o f the cognitive decline 
sometimes associated with alcoholism is known as the Right Hemisphere theory. It is 
generally accepted that the right hemisphere of the brain is involved in nonverbal 
processing to a greater extent than the left hemisphere. Because several studies have 
shown alcoholics to perform more poorly on non-verbal tests of cognition than on verbal 
tests (e.g., Gudeman et al., 1977) it has been suggested that the right hemisphere might be 
more susceptible to the toxic effects o f  alcohol than the left hemisphere. A counter 
argument to the Right Hemisphere theory stems firom research comparing alcoholics to 
individual with right hemisphere brain injuries. Cermak, Verfeellie, LeToumeau,
Blackford, Weiss, and Numan (1989) found that alcoholics did not demonstrate similar 
performances on measures of right-hemisphere ftinction as compared to individuals with 
right brain injury.
Concluding Remarks
Thus fer, the debate in regard to the association o f alcohol abuse and cognitive 
decline has been discussed from two opposing viewpoints. There exists, on one side, a line 
o f evidence which seems to support the idea that long-term alcohol abuse will lead to
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brain dysfunction. On the other side, there are those who claim that the effects o f chronic 
alcohol subside with time, and eventually, functional deficits become undetectable. So 
what can be concluded firom this debate? Is one side right or wTong? Perhaps it would be 
more appropriate to simply say that although each side has made contributions to the 
knowledge base, uncertainties persist. To appropriately address these uncertainties, one 
must not only look to what each side has done, but also learn from what has not been 
done. For example, some methodological problems have been discussed throughout this 
chapter. Grant et al. (1983) noted that much of the work showing alcohol to be 
associated with cognitive decline has been performed on recently detoxified patients. The 
studies by Grant et al. (1979. 1983) suggest the deficiencies found in alcoholics may 
normalize with time. Other inconsistencies in methodology discussed throughout this 
chapter such as period o f alcoholism, educational background, age groups, and different 
testing methods could all be contributing to the present confusion. With regard to some 
previously used testing methods, consistency is not the only concern. Several o f the 
studies mentioned in this chapter have employed intelligence tests to investigate possible 
cognitive decline (e.g., Blusewicz et al.. Grant et al., 1984). It should be noted, however, 
that intelligence tests can potential^ be misleading due to confounding influences such as 
socio-economic status and physical health (McMahon & McMahon, 1982). Clearly, both 
socio-economic status and health are important considerations when conducting research 
that tests older or alcoholic participants. Also in regard to the tests previously employed to 
search for cognitive decline, perhaps a system o f classification (e.g., verbal versus non­
verbal, or fluid intelligence tests versus crystal intelligence tests) could prove informative.
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Or maybe it is time to look for new tools to investigate the fonctionai decline o f the brain. 
Cermak ( 1990) remarked that it is important for experimenters to begin thinking in terms 
o f assessing processing impairments in addition to evaluating performance (recall) 
impairments. To achieve this goal o f investigating processing deficits associated with 
alcoholism, should any exist, it seems apparent that new strategies and testing methods 
are needed. Therefore, the current study used an information processing approach as a 
means to assess the degree o f  relationship between alcohol abuse and cognitive 
impairment in older adults.
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METHODS
Participants
Eight members o f the Las Vegas community were asked to participate on a 
volunteer basis. Group I consisted of four recovering alcoholics (mean age: 57 years) 
recruited from a local chapter o f Alcoholics Anonymous. Group 2 consisted o f four 
participants (mean age: 55.5 years) with no significant history of alcohol consumption.
The two groups were matched primarily on the basis o f age, education, and gender. Other 
factors such as occupation, social activities, and experience with computers were 
considered. To ensure that our findings were not be confounded by preexisting 
neurological illness, we excluded any participants with a history o f seizures, head injury 
résulta^ in a loss of consciousness for longer than 5 minutes, psychosis, polydrug abuse, 
and active hepatic disease. All participants were be between the ages of 48 and 68. Each 
participant signed an informed consent prior to taking part in this study. The use of 
participants for this study was approved by the Human Subjects Committee at the 
University o f Nevada, Las Vegas.
23
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Design
A 2 X 4 (Group x Task) mixed design was employed with Group being the 
between-subjects factor Task being a within-subjects factor. The dependent measure of 
interest was reaction time in milliseconds for three of the tasks (stimulus identification, 
response selection, and response programming). For the fourth task (inspection-time), the 
dependent measure was accuracy in the form o f correct or incorrect responses.
Apparatus
The experiment was controlled by a Gateway 2000 PC that generated stimulus 
displays and recorded responses two ways: 1) in milliseconds for the information 
processing tasks, and 2) in the form o f correct or incorrect for inspection-time. Responses 
were made on a standard QWERTY Gateway keyboard. The keys that were of used for 
possible responses were: 1) S-D-F for the left hand, and 2) J-K-L for the right hand. In the 
case o f the Simon task, the F and J keys were colored red and green respectively. The 
participants were seated with the display monitor placed approximately 60 cm directly in 
front of them.
Procedures
Prior to takit% part in the study, all o f the participants underwent an initial 
screening interview during which a general questionnaire was filled out and consent forms 
were signed. (Qualified participants were then divided into two groups: I) history of 
chronic alcohol use, and H) non-alcohol or abstinent group. Each participant was required 
to m ake only one visit to the lab. All four tasks were performed during the solo visit, with 
the order o f  the tasks being counterbalanced to eliminate any possible learning effects. For
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each task, the participant was seated in front o f the monitor, and told to assume the 
correct finger placement. In all cases, correct finger placement consisted of; I) S-D-F for 
the left ring, middle, and index fingers respectively, and 2) J-K-L for the right index, 
middle and ring fingers respectively.
The first three tasks examined the stages o f serial information processing. The fourth 
task was an inspection-time test. Task 1 examined stimulus identification time. This task 
involved having a participant respond to a change in light intensity. Each trial began with 
a 'ready’ signal involving the appearance on the screen o f a circular light accompanied by 
an auditory tone. Following a variable foreperiod o f 450. 600, 750. or 1000 milliseconds, 
the intensity o f the circular light changed. The 'simple* condition involved a relatively 
great change in the brightness Le., intensity o f the light. This simple’ condition served as 
the baseline reaction time. The ‘complex’ condition had the light increasmg only slightly in 
intensity. Participants were told to respond with a single keypress (F or J) as soon as they 
noticed a change in the intensity o f the light. Pilot testing revealed significant differences in 
reaction time between the two conditions indicating a greater degree of processing time is 
required at the stimulus identification stage o f information processing for the ‘complex’ 
condition versus the ‘simple’ condition.
Test 2 examined response selection time. For this test, a variation o f the Simon 
Task was used. The Simon task required participants to respond to a colored light (green 
or red) by pressing a key o f the same color. Each trial began with a ‘ready’ signal 
involving the appearance o f an ‘X” in the center o f the screen, accompanied by an 
auditory tone. Following a foreperiod o f 150, 300,450, or 600 milliseconds, a circular
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light would appear on the screen either to the left or to the right of the X The circular 
light was either green or red. Each time a red light appeared, the participant was to 
respond by pressing the red key. Conversely, each time a green light appeared, the 
participant was to respond by pressing the green key. In one condition, the colored light 
was presented in a spatially compatible alignment relative to the key that was to be 
pressed. In a separate condition, the colored light is presented in a crossed position 
relative to the key that is to be pressed. This crossed assignment is said to be spatially 
incompatible. Both conditions, compatible and incompatible, test information processing 
speed at the response selection stage; however, the incompatible assignment is more 
demanding i.e.. more complex than the compatible assignment. Pilot testing revealed 
significant differences between the two assignments. The increase in reaction time for the 
incompatible condition is indicative o f increased processing demands at the response 
selection stage of information processing.
Test 3 examined response programming time. Once again, for this task the ready’ 
signal involved the appearance on the screen o f a cvcular light accompanied by an 
auditory tone. Following a variable foreperiod o f either 450,600, 750, or 1000 
milliseconds, the intensity o f the circular light changed. For this task, however, the change 
in intensity was always an easily distinguishable or ‘simple’ change. The participant was 
instructed beforehand to respond by pressing the key (For J) that was directly below the 
light that changed intensity followed by a series o f keypresses (ring-index-middle) with the 
opposite hand. Reaction times for this task were compared to the baseline (simple) 
condition of the stimulus identification task. Pilot testing revealed significant differences in
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the response programming task as compared to baseline. The increase in reaction time for 
the response programming task is indicative o f increased processing demands at the 
response programming stage of information processing.
A fourth test, an inspection-time task, was also included in the experimental 
protocol for purposes of comparing a psychometric measure with the results from the 
reaction time tests. For the inspection-time task, an auditory signal served to ready the 
participant. Next, following a variable foreperiod o f450.600. 750. or 1000 ms. a pi figure 
was presented in the center o f  the monitor. The pi figure consisted o f two vertical lines of 
different lengths (30 mm and 45 mm) joined across the top by a 10mm horizontal line. The 
pi figure was presented for varying durations, ranging in increments o f 10 ms from 10 ms 
through 100 ms. Following the brief presentation, the p i figure was masked. The mask 
consisted o f two 45 mm vertical lines joined across the top by a 10 mm horizontal line.
The participant responded with a keypress on the side (left=F or right=J) corresponding to 
the side they perceived the longer line to have appeared on. In half o f the trials, the longer 
line was presented on the left side of the p i figure. In the other half, the longer line 
appeared on the right side of the pi figure. The dependent variable for inspection-time was 
accuracy, in the form o f correct or incorrect responses. Once all o f the data were 
compiled, results were interpreted in regard to the two competing hypotheses.
Anatvsis
The primary dependent measure o f interest in the current study was reaction time 
(RT) for each o f  the three tasks o f information processing ability. Percent increase from 
baseline (simple) to experimental (complex) was analyzed using a 2 (Group) x 3 (Task)
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ANOVA with repeated measures on the last factor. Also, because inspection-tune tasks 
have previously been highly correlated with intelligence, a correlation o f mspection time 
and tests o f information processing was thought to potentially be informative. Therefore, a 
Pearsons Product Moment Correlation was used to analyze inspection time accuracy 
against mean RT data from each o f the three information processing tasks.
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RESULTS
Data were analyzed using a 2 (Group) x 3 (Test) analysis of variance (ANOVA) 
with repeated measures on the last factor. Prior to data analysis, mean percent change 
reaction time from simple to complex responding was calculated. For example, a simple 
stimulus identification task yielding a reaction time of 100 ms to a complex task yielding a 
reaction time of 150 would result in a 50% change in reaction time. Mean percent change
was used in the analysis.
The ANOVA revealed no significant main effects or interactions (p>0.05). It is 
possible that the lack o f significance was the result of low statistical power rather than a 
true lack of effect. Figures I through 3 demonstrate data trends for the three information 
processing Figure 4 demonstrates the results o f the inspection time task. In all 
cases, the non-alcoholics tended to perform better than the alcoholics.
A second analysis using a Pearson’s Product Moment Correlation was run on all 
data to assess the degree of relationship between the variables. The analysis results are 
summarized in Table 1. For the Stimulus Identification task, a high degree o f correlation 
was found to exist between the ‘simple’ and ‘complex’ conditions (r=0.95). Inspection­
time was also found to correlate well with both the simple (r=-0.87) and complex (r=-.90)
29
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TASK: CORRELATES: V value
STIMULUS
IDENTIFICATION: ‘simple’ - ‘complex’ r = 0.95
‘simple’ - I-T r — -0.87
‘complex’-I-T r  =-0.90
RESPONSE
SELECTION: ‘simple’ - ‘complex’ r = 0.98
simple’ - I-T r  = -0.65
Complex’ - I-T r —  -0.70
RESPONSE
PROGRAMMING: simple’ - complex’ r — 0.74
simple’ - I-T f  —  -0.87
‘complex’ - I-T r = -0.47
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Figure I ; Stimulus Identification Results:
TEST 1: STIMULUS IDENTIFICATION
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Figure 2; Response Selection Results
TEST 2: RESPO N SE SELECTION
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R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
33
Figure 3: Response Programming Results
TEST 3: RESPONSE PROGRAMMING
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stimulus identification conditions. For the response selection task, a high degree of 
correlation was found between the ‘simple’ and ‘complex* conditions (r=0.98). 
Correlations were also found, although to a lesser extent, between inspection-time and the 
•simple* and complex’ conditions (r=-0.65 and r=-0.70 respectively). For the response 
programming task, a correlation was found between the simple and complex conditions 
(r=0.74). A high degree of correlation was also found between inspection-time and the 
simple response programming condition (/■=-0.87). In both of the situations o f response 
selection and response programming, a more stable data set would predictably yield even 
stronger correlations.
R e p ro d u c e d  with pe rm iss ion  of th e  copyright ow ner .  F u r the r  reproduction  prohibited w ithout perm iss ion .
CHAPTER 5
DISCUSSION
Alcoholism is a disease with widespread implications not only for the individuals 
afflicted, but also for society in general. It has been predicted that I out o f 4 patients 
entering a hospital are being treated for an alcohol-related problem. There can be no 
question that numerous risks accompany consuming excessive amounts o f alcohol. For 
years, the sociologicaL economical and psychological effects of alcoholism have been 
under investigation by a great many researchers. It has become apparent, however, that 
there are certain areas o f alcohol-related research that are m great need o f further 
understanding. One area particularly lacking en^irical data is that of alcohol and 
cognition. Furthermore, the research that has been conducted has produced inconsistent 
results. On one side o f the debate, there are studies that suggest a lifetime o f chronic 
alcohol abuse can lead to various cognitive deficits. On the other side o f the debate, there 
are numerous studies suggesting that the deleterious effects of alcoholism become 
undetectable after a period o f  sobriety. An additional problem is that the majority of the 
research on alcoholism and its relation to the functional abilities of the brain have been 
conducted on younger adults. Hence, the area o f alcohol cognition, and aging is in
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particular need o f further research. The current study investigated the area o f alcohol 
cognition, and aging from an information processing standpoint. Chronometric measures 
were employed to detect possible cognitive slowing in recovering alcoholics versus 
matched-controls. The goal o f the study was to gather preliminary data to use as an 
indicator for future research. An older sample o f  recovering alcoholics was compared to a 
non-alcoholic group on measures of reaction time and inspection-time accuracy. 
Descriptive analysis of the data show clear between-group differences for reaction time 
across all three stages of information processing (see Figures 1,2. and 3). In addition, 
descriptive analysis of inspection-time accuracy show that the alcoholic group was out­
performed by their matched-controls (see Figure 4). Pearsons r  correlation analysis of i) 
mean RT data and ii) inspection-time data against mean RT data suggest that the 
preliminary findings o f this study are stable and thus would likely be replicated with a 
larger sample.
Although there appears to be a reasonable likelihood that additional participants 
would continue the trend indicated by the descriptive data, it is nonetheless difficult to 
make hard line conclusions in the absence o f statistical significance. Therefore, the scope 
o f  this chapter must be limited to a discussion o f  trends. Further elaboration on the data 
will be reserved for the ‘Future Directions’ section o f  this chapter.
A final observation in regard to the trend o f  the data is its similarity to the findings 
o f  Salthouse (e.g., 1985) in the field of cognitive aging. There exists, in the field of 
cognitive aging, opposing viewpoints regarding the nature o f ‘normal’ cognitive slowing. 
Salthouse contends that with aging, comes a general and uniform slowing of the functional
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abilities o f the brain. In contrast to Salthouse's general’ slowing idea, is the notion 
that cognitive slowing may occur in a domain specific nature, that is. verbal domain or 
non-verbal domain (e.g.. Hale & Myerson. 1995). The preliminary results of this study 
indicate a trend o f cognitive slowing in recovering alcoholics consistent with a general 
slowing hypothesis.
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CHAPTER6 
FUTURE DIRECTIONS
The current study has brought forth several points o f interest that warrant further 
discussion. The purpose of this chapter is to more closely examine the findings of this 
study, and also in certain instances, to explain the lack of findings. In addition, 
recommendations will be made regarding directions in which follow-up studies could 
proceed. In doing so. a closer examination will be made o f several of the methodological 
concerns encountered throughout the course o f this work, and possible solutions to those
problems will be discussed.
The first matter to be discussed is the finding of insignificant main effects for
Group and Test, as indicated by the analysis o f variance (ANOVA). It was noted in the
Discussion’ chapter of this thesis that the failure to reach significance was likely due to a
lack o f statistical power, not a true lack o f effect per se. Several features of the data
support this claim. First, a descriptive analysis o f the reaction time data reveal clear and
consistent change across Group. In all cases, participants in the alcoholic group were
outperformed by their matched-controls. Looking to the data for Inspection-tiroe
accuracy, once again it was found that in all cases, participants in the alcoholic group were
out-performed by their matched controls. These findings gain fiirther support form the
Pearson’s ‘r’ correlation analysis in which strong correlations were found between all
39
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
40
simple'- complex' conditions o f the three reaction time tasks. Inspection-time was also 
found to be highly correlated with the simple' and 'complex' conditions o f  the stimulus 
identification task, the complex' condition o f  the response selection task, and with the 
'simple' o f  the response programming task. Data trends indicate that additional data 
collection would serve to strengthen all ' r  values, across all trials, of all tasks by 
decreasing the influence o f outliers. It is therefore concluded that the descriptive analysis, 
coupled with the strong correlation data, indicate a high level o f  within-subject stability 
that is likely to be reliable with a larger sample of participants. Mock data consistent with 
the current findings were analyzed in order to predict cohort group sizes that would 
establish significant statistical power. It was discovered that a cohort group o f N>11 
would yield statistical significance.
Regarding the methodology employed in this study, there a several points to be 
made. The first point is related to the variation on the Simon task that was to test the 
response selection stage of information processing. Analysis o f  the reaction time data 
failed to yield a strong Simon effect. In other words, the noncompatible condition did not 
illicit as large of an increase in reaction as was expected. A suggestion has been put forth 
as to why the effects were less than robust. The suggestion involves how the Simon 
program was set up. The visual array that was used in the current study differed fi*om that 
o f a traditional Simon task in that instead o f having the stimulus lights appear directly 
adjacent to the focus point (the ‘X’) in the center of the screen, they appeared slightly 
above the plane of the focus point. It was discovered that presenting the stimulus above 
the plane o f the focus point, a 3-way diagonal was formed by the stimulus, the focus point, 
and the spatially incompatible hand. It was imted by several o f  the participants that the
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diagonal display had a  directional element that was guiding them to the response. It is 
possible that this ‘^ ic-tac-toe” effect may have been instrumental in the unusually fast 
responses to the incompatible stimuli. A comparison between RT's of a traditional Simon 
task, and the version employed herein is a recommended step prior to any further data 
collection.
To strengthen the validity o f preliminary data contained in this thesis, cohort 
groups were put together with the a priori administration o f a general health 
questionnaire. The importance of the information gained through using a questionnaire 
cannot be understated. Numerous studies mentioned in the review of literature chapter of 
this thesis (e.g.. Grant et al.. 1979. 1984) report that factors such as age and education are 
vital considerations when measuring the functional abilities of the brain. The trends seen in 
the data o f this study support that claim. The questionnaire used for this study (see 
Appendices D and E) could be expanded further to included other areas such as nutritional 
considerations or a more detailed inquiry into individual exercise habits. The irfformation 
obtained from the questionnaires is useful in ways other than just for forming cohort 
groups. Questions on health status can uncover participants with significant medical 
histories that could possibly confound results. The current study, for example, had to 
exclude two potential participants based on information obtained from the questionnaire. 
A final way in which the questionnaire could prove useful is for statistical purposes. 
Presuming a sample of suflBcient size could be assembled, variables such as computer 
experience and exercise could be analyzed for covariance.
In summary, the trends of the data revealed in this study give good indications 
that additional investigation is warranted. It appears that data trends are consistent with
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the interpretation that a relationship exists between chronic alcohol consumption and 
cognitive decline. Further research using larger sample sizes are needed, however, to 
clarify the extent to which the cognitive abilities of recovering alcoholics are impaired. 
Additionally, future investigation using the information processing approach holds the 
potential o f  adding to the existing knowledge regarding normal' cognitive aging, and the 
nature o f the impairments found in recovering alcoholics.
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APPENDIX A: SAS Program
DATA MIXED:
OPTIONS PS=120:
DO X=l TO 8: *X IS A COUNTER AND IS EQUAL TO THE NUMBER OF 
SUBJECTS:
INPUT SUBJ GROUP®:
DO TEST = 1 TO 3:
INPUT Y@:OUTPUT:
ENDÆND:
DROP X: *X IS NOT A VARIABLE. SO IT IS DROPPED:
CARDS: •GROUPI EQUALS ALC AND 2 EQUALS NONALC;
1 I 20 2 17
2 I II 2 105
3 1 12544
4 1 42 I 8
5 2 14 22 32 
6 2 8  12 29
7 2 9 1 39
8 2 43 5 14
PROC SORT3Y GROUP TEST;
RUN;
PROC MEANS SUM MEAN STDERR STD;BY GROUP TEST; VAR Y;
RUN;
PROC ANOVA;
CLASS SUBJ GROUP TEST;
MODEL Y = GROUP TEST SUBJ(GROUP) GROUP*TEST TEST*SUBJ(GROUP);
♦ THE NEXT TWO LINES DEFINE THE CORRECT ERROR TERMS FOR THE 
MAIN
♦ EFFECTS AND INTERACTION;
TEST H = GROUP E = SUBJ(GROUP);
TEST H = TEST GROUP*TEST E = TEST*SUBJ(GROUP);
RUN;
QUIT;
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APPENDIX B: SAS Output 
The SAS System 16:45 Monday, June 9. 1997 I 
Analysis Variable ; Y=%increase RT
GROLTP=l TEST=l
Sum Mean Std Error Std Dev
85.0000000 21.2500000 7.2038763 14.4077525
GROUP=l TEST=2
Sum Mean Std Error Std Dev
10.0000000 2.5000000 0.8660254 1.7320508
GROUP=l TEST=3
Sum Mean Std Error Std Dev
174.0000000 43.5000000 21.8803565 43.7607130
GROUP=2 TEST=1
Sum Mean Std Error Std Dev
74.0000000 18.5000000 8.2714368 16.5428736
GROUP=2 TEST=2
Sum Mean Std Error Std Dev
40.0000000 10.0000000 4.6007246 9.2014492
GROUP=2 TEST=3
Sum Mean Std Error Std Dev
114.0000000 28.5000000 5.2678269 10.5356538
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The SAS System 16:45 Monday. June 9. 1997 2
Analysis o f Variance Procedure 
Class Level Information
Class Levels Values
SUBJ 8 1 2 3 4 5 6 7 8
GROUP 2 1 2
TEST 3 12 3
Number of observations in data set = 24
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The SAS System 16:45 Monday. June 9. 1997 3 
Analysis o f Variance Procedure
Dependent Variable: Y
Source DF Sum of Squares Mean Square F Value
Model 23 11910.95833333 517.86775362
Error 0 - -
Corrected Total 23 11910.95833333
R-Square C.V. Root MSE Y Mean
1.000000 0 0 20.70833333
Source DF Anova SS Mean Square F Value
GROUP 1 70.04166667 70.04166667
TEST 2 3548.58333333 1774.29166667 .
SUBJ(GROUP) 6 1316.91666667 219.48611111
GROUP*TEST 2 507.58333333 253.79166667
SUBJ*TEST(GROUP) 12 6467.83333333 538.98611111
Tests o f Hypotheses using the Anova MS for SUBJ(GROUP) as an error term
Source
GROUP
DF Anova SS Mean Square F Value Pr> F
70.04166667 70.04166667 0.32 0.5926
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Tests o f Hypotheses using the Anova MS for SUBJ*TEST(GROUP) as an error term 
Source DF Anova SS Mean Square F Value P r > F
t e s t  2 3548.58333333 1774.29166667 3.29 0.0725
GROUP*TEST 2 507.58333333 253.79166667 0.47 0.6355
Tukey’s Standardized Range (HSD) Test for variable: Y 
NOTE: This test controls the type 1 experimentwise error rate, but generally 
as a higher type II error rate than REGWQ.
Alpha=0.05 df=12 MSE= 538.9861 
Critical Value of Studentized Range= 3.773 
Minimum Significant Difiference= 30.967 
Means with the same letter are not significantly different.
Tukey Grouping Mean N TEST
A 36.00 8 3
A
A 19.88 8 1
A
A 6.25 8 2
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APPENDIX C: Informed Consent
ÜNLV
Department of Kinesiology 
Motor Behavior Lab 
Informed Consent
Principal Investigator: Chris Bertram
Welcome to the Motor Behavior Lab. You are invited to participate m a study of 
human motor behavior. If you decide to participate, the experimental session will last a 
total o f approximately 45 minutes. There are no known risks involved in your 
participation. This information is based on a large body o f experience with similar tasks.
Any information obtained in connection with this study that can be identified with 
you will remain confidential. The results o f the research may be published in aggregate 
form with no identification given.
Your decision whether or not to participate will not prejudice your future relations 
with the University o f Nevada. Las Vegas. You may withdraw fi-om participation in this 
experiment at any time, but please inform the experimenter prior to withdrawal. If  you 
have any questions please ask the experimenter. A telephone number to call if there are 
any questions is (702) 895-1241. For questions regarding rights o f  Human subjects, you 
may call the UNLV OflBce of Sponsored Programs at (702) 895-1357. Thank you for 
participating in this project.
YOU ARE MAKING A DECISION WHETHER OR NOT TO PARTICIPATE. YOUR SIGNATURE 
BELOW INDICATES YOU HAVE DECIDED TO PARTICIPATE HAVING READ THE 
INSTRUCTIONS AND INFORMED CONSENT.
DATE: TIME: NAME: SIGNATURE: EXP. INIT.
I I  1 I I
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APPENDIX D: Alcoholic Questionnaire 
Q u e s tio n n a ire :
Please answer each o f  the following questions to the best of your knowledge:
Section 1: General Information
1. Name:
2. Age:
3. Occupation:
For how long?
4. What is the highest level of formal education you have completed (check one):
 high school  junior college ___university (undergraduate degree)
 Master’s degree  Pd.D. or other professional degree (M.D.. Ed.D.. etc)
 Other (please explain)
5. Please describe any activities, hobbies, sports, etc. that you enjoy.
Section 2: Alcohol History
1. For what period o f  time in your life (in years) would you say alcohol was a problem?
2. When you were drinking, how many drinks, on average, did you consume per day?
3. For what period o f  time have you been sober?
R e p ro d u c e d  with perm iss ion  of th e  copyright ow ner.  F u r th e r  reproduction  prohibited without perm iss ion .
50
Section 3: Medical History
1. Have you ever been diagnosed with any of the following (please check all that apply:) 
 Wemicke-Korsakoff syndrome
 liver disease
 heart attack
 stroke or transient ischemic attack (TIA)
 learning disability (if yes, please explain)
 epflepsy
 psychiatric disorder (if yes. please explain)
2. Are you currently taking any type of medication (if yes. please list)?
3. Have you ever suffered a head injury that resulted in a loss o f consciousness for longer
than five minutes?
4. Do you smoke cigarettes?
5. Do you have a history o f any type of drug abuse other than alcoholism (if yes. please 
explain)?
6. Do you wear eye-glasses or contact lenses?
7. Please check the one that most closefy describes your experience with computers:
 no experience whatsoever
 very limited experience
 moderate experience
 vast experience
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APPENDIX E: Non-alcoholic Questionnaire 
Q u estio n n a ire ;
Please answer each of the following questions to the best o f your knowledge:
Section I: General Information
1. Name:
2. Age:
3. Occupation:
For how long?
4. What is the highest level of formal education you have completed (check one):
 high school  junior college ___university (undergraduate degree)
 Master's degree  Pd.D. or other professional degree (M.D.. Ed.D., etc)
 Other (please explain)
5. Please describe any activities, hobbies, sports, etc. that you enjoy.
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Section 2: Medical History
1. Have you ever been diagnosed with any o f the foUowmg (please check all that apply) 
 Wemicke-Korsakoff syndrome
 liver disease
 heart attack
 epilepsy
 stroke or transient ischemic attack (TIA)
 learning disability (if yes. please explain)
 psychiatric disorder (if yes. please explain)
2. Are you currently taking any type of medication (if yes. please list)?
3. Have you ever suffered a head injury that resulted in a loss o f consciousness for longer 
than five minutes?
4. Do you smoke cigarettes?
5. How many alcoholic beverages, on average, do you consume per week?
6. Do you have a history o f any type of drug abuse (if yes, please explain)?
7. Do you wear eye-glasses or contact lenses?
8. Please check the one that most closely describes your experience with computers:
 no experience whatsoever
 very limited experience
 moderate experience
 vast experience
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APPENDIX F: Task Instructions 
INSTRUCTIONS: TEST 1
Each trial will begin with a blank screen. The screen will remain blank for 500ms. At the 
end of500ms. a beep will signal you that a stimulus is about to appear. Immediately after 
the beep, one dim circle will appear, either on the left or the right side o f the screen. After 
awhile, the dim light will get brighter. Your task will be to respond by hitting the key that 
is immediately below the light that changes in intensity. There will be catch trials, where 
the light wül not chaise in intensity, in which case you need to wait a couple of seconds, 
and then respond by hitting any key. Please respond as quickly as possible.
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INSTRUCTIONS: TEST 2
Each trial will begin with a blank screen. The screen will remain blank for 500ms. At the 
end of500ms. a beep will signal you that a stimulus is about to appear. Immediately after 
the beep, an X will appear in the center o f the screen for you to focus on. After a brief 
delay, a circle will appear on the screen, either to the left or the right o f the X The circle 
that appears will be either green or red. Your task will be to press the red colored key 
each time a red circle appears, and the green key each time a green circle appears. Please 
respond as quickly as possible.
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INSTRUCTIONS: TEST 3
Each trial will begin with a blank screen. The screen will remain blank for 500ms. At the 
end of500ms, a beep will signal you that a stimulus is about to appear. Immediately after 
the beep, one dim circle will appear, either on the left or the right side o f  the screen. After 
awhile, the dim light will get brighter. Your task will be to respond by hitting the key that 
is immediately below the light that changes in intensity, followed by a series o f keypresses 
with the opposite hand. The series of keypresses in this case is ring finger - index finger - 
middle finger. There will be catch trials, where the light will not change in intensity. in 
which case you need to wait a couple o f seconds, and then respond by hitting any key four 
times. Please respond as quickly as possible.
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INSTRUCTIONS: TEST 4
Each trial will begin with a blank screen. The screen will remain blank for 500ms. At the 
end of500ms. a beep will signal you that the trial is about to begin. Next, a p i figure will 
appear on the screen. The p i figure will consist o f two vertical lines of different lengths, 
joined across the top by a horizontal line. Immediately after the pi figure appears, a mask 
will appear which will consist o f  two vertical lines o f equal lengths, again joined across the 
top by a horizontal line. Your task will be to determine which o f the two vertical lines in 
the initial pi figure was longer. You are to respond by pressing a key directly below the 
line which you perceived as being longer. This is not a test o f response time, so you may 
answer at vour leisure.
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